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Description 

i 

BACKGROUND OF THE INVENTION 


Field of the Invention 

[0001] The present invention relates to a method for mass production of taxol from Taxus genus plant cell culture, 
more specifically, to a method for mass production of taxol by semi-continuous culture of Taxus genus plant cell with 
a high yield. 

Description of the Prior Art 

[0002] Taxanes are diterpene compounds containing a taxane skeleton. For example, taxol is famous as the first 
identified compound with a taxane ring which was isolated from the bark of the pacific yew, Taxus brevifolia, which is 
effective for the treatment of leukemia and cancer. Recently, it has been reported that: taxol is capable of curing ap- 
proximately 30%, 50% and 20% of ovarian, breast and lung cancer patients, respectively, by inhibiting depolymerization 
of microtubulesfsee: E.K. Rowinsky et al., J. Natl. Cancer. Inst:, 82:1247-1259(1990)). 

[0003] On the other hand, total chemical synthesis, semi-synthesis and extraction methods have been employed to 
prepare taxol. 

[0004] The total chemical synthesis method, however, has not been practically applied in the art, since it requires 
very expensive chemical reagents and the yield is not so high, which can be expected from the complicated chemical 
structure of taxol. 

[0005] The semi-synthesis method employing precursors such as 10-deacetylbaccatin III, has revealed some draw- 
backs since it essentially entails complicated and multiple steps of isolating and purifying the taxol precursors from 
Taxus genus plant and transforming the precursors to taxol. 

[0006] In this regard, the extraction method by which taxol can be isolated from Taxus genus plants in a direct manner, 
has prevailed in the art, since it has the advantage of economy. However, the said method has proven to be less 
satisfactory in the sense that it essentially requires a large amount of yew trees to purify taxol, which finally gives rise 
to the serious environmental disruption. 

[0007] Accordingly, the ability of total chemical synthesis, semi-synthesis and extraction method to supply taxol for 
world-wide chemotherapeutic use is not assured; and, there are strong reasons for exploring and developing alternative 
means of taxol production. 

[0008] As a promising alternative to solve said problems, the cell culture method for taxol production has been pro- 
posed in the art. 

[0009] The cell culture-based process for taxol production, unlike the prior art, has the following advantages as 
followings: first, taxol can be produced in a steady manner, regardless of fluctuation of supply of yew plants due to the 
damage by blight and harmful insects, etc.; secondly, cell cultures can be propagated in large bioreactors, from which 
taxol can be massively produced by manipulating culture conditions; thirdly, cell cultures produce a simpler spectrum 
of compounds compared to other prior art methods, considerably simplifying separation and purification; fourthly, a 
cell culture process can adapt quickly to rapid changes in demand better than the other methods; fifthly, a cell culture 
process can produce taxol as well as taxane precursors such as baccatin that can be converted to taxol. 

[0010] Methods for producing taxol by utilizing cultured plant cells have been described in the art: 

[0011] USP 5,01 9,504 discloses a method for producing taxol and its derivative utilizing cultured cells of Taxus brev- 
ifolia. However, the yield of taxol described therein is 1-3 mg/L, which is insufficient for industrial application. Besides, 
the production of taxol by the cell culture is unstable and even when a primary cell of high productivity can be obtained 
by selection, it is difficult to keep its content by subculturing (see: E. R. M. Wickremesine et al., World Congress on Cell 
and Tissue Culture(1 992)). 

[0012] USP 5,015,744 teaches a semi-synthetic method from baccatin III, which is a precursor in biosynthesis of 
taxol. By the use of the plant tissue culture, a raw material for the semi-synthetic process such as baccatin III can be 
produced, thus the plant tissue culture can also be utilized for taxol production by the above-mentioned semi-synthetic 
process. 

[0013] WO 93/1 7121 offers a method for taxol production by cell culture of Taxus genus plant while changing com- 
position of medium, growth rate, and production rate, etc. In case of Taxus chinensis, 24.1 mg/L of taxol can be obtained 
in 18 days of culture and biomass doubles every 2.5 days. 

[0014] All of these patents describes methods for mass production of taxol by employing batch culture; there is no 
teaching in said patents on, nor is there anticipated, semi-continuous culture of a taxol-producing cell line. 

[0015] Under the circumstances, USP 5,407,816 describes that Taxus chinensis cells are inoculated to a nutrient 
medium to form a suspension which is, in turn, cultivated to form a suspension culture which is, in turn, subcultured in 


2 



EP 0 769 064 B1 


the other nutrient medium to form a producing culture, and which finally gives taxol and taxanes in a yield of 153 mg/ 
L. The said method has considerably improved the productivity of taxol, however, it has been proven less satisfactory 
in the sense that it essentially requires so many nutrient media whose compositions are so complicated, and high 
. productivity can be realized under rather a limited growth condition. 

5 [0016] Therefore, there is a continued need to develop a practical and simple method for taxol production, which is 

able to meet the requirement of high productivity which is a critical factor to determine whether it can be utilized in 
industrial applications or not. 

SUMMARY OF THE INVENTION 

10 

[0017] In accordance with the present invention, it has been discovered that taxol can be produced with a high degree 
of efficiency, by the seml-continuous culture of a novel taxol-producing cell line, Taxus chinensis SYG-1 . 

[0018] A primary object of the present invention is, therefore, to provide a method for mass production of taxol by 
semi-continuous culture. 

is [0019] The other object of the invention is to provide a novel taxol-producing cell line isolated from Taxus chinensis. 
[0020] The above primary object is achieved by a method according to claim 1 . 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 [0021 ] The above and the other objects and features of the present invention will become apparent from the following 

descriptions given in conjunction with the accompanying drawings, In which: 

Figure 1 is a graph showing the effect of AgN0 3 on the taxol productivity. 

25 Figure 2 is a graph showing the effect of NH 4 -citrate on the taxol productivity. 

Figure 3 is a graph showing the effect of maltose on the taxol productivity. 


Figure 4 is a graph showing the productivity of taxol in semi-continuous culture of SYG-1 in accordance with the 
30 culture cycle. 

DETAILED DESCRIPTION OF THE INVENTION 


[0022] The present inventors first developed a taxol-producing cell line, based on the callus induced from Taxus 
35 chinensis, and compared the cell line with those Known in the art. From the comparative studies on the morphological, 
physiological and growth condition of the taxol-producing cell lines, it has been determined that the newly developed 
cell line is a novel one which is somewhat different from those of prior art, in light of taxol productivity, mode of taxol 
secretion, etc. Accordingly, the cell line was named Taxus chinensis SYG-1 (hereinafter, referred to as ‘SYG-1" for 
convenience) and it was deposited with an International Depositary Authority(IDA), the Korean collection for Type 
*0 Cultures(KCTC), Korea Research Institute of Bioscience and Biotechnology, on March 14, 1996, under an accession 
number of KCTC0232BP. 

[0023] Then, the inventors optimized the growth condition of the cell line of the invention, and determined that: SYG- 
1 cells grown well on B5 medium, most preferably B5 medium supplemented with 20*iM NAA(naphthoxyacetic acid), 
0-4pM BAP(6-benzylaminopurine),1g/L casein hydrolysate and 30g/L sucrose, under a condition of a temperature of 
45 24°C, at an agitation speed of 1 50rpm. On the other hand, effects of AgN0 3 , NH 4 -citrate and maltose on the productivity 

of taxol were also examined, and the inventors concluded that their addition considerably improved the productivity of 
taxol. 

[0024] According to the present invention, taxol can be prepared with a high yield, by employing semi-continuous 
culture of SYG-1 , which comprises; 

50 

(i) inoculating Taxus genus plant cell on a medium containing 1 to 10%(w/v) sugar, and incubating it; and, 

(ii) transferring 1/1 0 to 1/2 volume of the culture obtained in the step (i) to a fresh medium and repeating the step 
(i), adding 1 to 10% (w/v) sugar to the remnant culture and incubating to the time of maximum production of taxol. 


55 [0025] At the beginning of culture, AgN0 3 may be added to Taxus genus plant cell culture which is incubated for 1 0 

to 20 days, more preferably 10 to 15 days, at a concentration of 1 to 15pM, more preferably 5 to IOjiM. Furthermore, 
NH 4 -citrate and maltose may be added to the culture after 5 to 30 days, more preferably 5 to 10 days of Incubation, 
at a concentration of 1 to 1 5mM, more preferably 1 to 1 0mM and 1 to 1 0%(w/v), more preferably 1 to 5%(w/v), respec- 
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tively. 

[0026] After 5 to 30 days of incubation, 1/10 to 1/2 volume of total culture is transferred to other flask containing fresh 
medium whose contents are the same as the one employed at the beginning of the culture, and started a cycle of 
culture. Then, remnant culture equivalent to 9/10 to 1/2 volume of total culture, was added 1 to 10%(w/v), more pref- 
5 erably 1 to 5%(w/v) of maltose, and incubated for 30 to 60 days in which taxol production is maximized. At this time, 
incubation was made at 24°C, agitation speed of 1 50rpm under a dark condition. 

[0027] Taxus genus plant employed in the method of the present invention includes Taxus brevifolia, Taxus canaden- 
sis, Taxus cuspidata, Taxus baccata, Taxus globosa , Taxus floridana , Taxus wallichiana , Taxus media and Taxus chin- 
ensis, however, Taxus chinensis SYG-1 which is newly developed by the inventors, is most preferably employed therein. 
10 [0028] According to the method of present invention, the productivity of taxol to the level of 300mg/L, after 42 to 49 

days incubation, is observed, when Taxus chinensis SYG-1 is employed in the semi-continuous culture with the addition 
of AgN0 3 , NH 4 -citrate and maltose to improve the productivity of taxol. 

Quantitative Analysts of Taxol 

15 

[0029] Taxol which is produced from the culture of Taxus chinensis SYG-1 according to the method of the present 
invention, is quantitatively assayed by employing high performance liquid chromatography under a specific condition 
described in Table 1 below. 

20 Table 1: 


Condition for quantitative assay of taxol 

Instrument 

HPLC(Waters, U.S.A.) 

Column 

Capcell Pack C 18 UG 120 (length: 
250mm, inner diameter: 4.6mm). 

Column temp. 

40°C 

Mobile phase 

CH 3 CN : water(20 - 100% gradient) 

Fluid speed 

1 .0 ml/min 

Injection volume 

10 pi 

Detector 

l)V(227nm), ATTE = 3 


35 ‘ [0030] The present invention is further illustrated in the following examples, which should not be taken to limit the 

scope of the invention. 

Example 1 : Induction and characterization of callus from Taxus chinensis 

40 [0031] The cell line of the present invention was isolated from Taxus chinensis by way of callus induction. When 

plant tissue was incubated on a proper medium containing a hormone, undifferentiated cell of callus was induced: 
Tissues from bark, needles, stems and roots of Taxus chinensis were washed with tap water and sterilized with Ca- 
hypochloride solution for 20 to 30min. Then, the sterilized tissue was washed with distilled water 2 to 3 times, chopped 
to have a length of 1cm, and transferred to B5 medium(see: Gamborg et at., Can. J. Biochem., 46:417-421(1968)) 
45 supplemented with 20pM NAA(naphthoxyacetic acid), 0.4pM BAP(6-benzylaminopurine), 1 g/L casein hydrolysate and 

30g/L sucrose after solidifying with 0.2%(w/w) gelite, and incubated at a temperature of 24 to 26°C for 2 to 6 weeks 
under a dark condition to induce the callus of interest. 

[0032] The growth medium for callus was selected by transferring the callus to several media well known in the art, 
e.g., MS(see: Murashige, T. and F. Skoog, F„ Physiol. Plant, 5:473(1962)), SH(see: Schenk and Hilderbrandt, Can. j! 
so Bot ” 50:199-204(1972)), WPM(see: Lloyd and Mccown, Int. Plant Prop. Soc. Proc., 30:421-427(1981)) and B5 media 

(see: supra ), respectively, and observing the growth pattern of the callus by naked eye. From the results above, it was 
determined that the callus showed good growth on B5 medium containing 20pM NAA, 0.4pM BAP and 2g/L casein 
hydrolysate. 

[0033] Then, studies on the morphology, physiology and growth condition were made for the cell line thus induced, 
55 and compared with those of known in the art; and, the results were summarized in Tables 2 and 3 below. As can be 

seen in Tables 2 and 3, it was determined that the cell line which has been developed in the invention has a distinction 
over those of prior art, in light of taxol productivity and mode of taxol secretion, etc. Accordingly, the cell line was named 
Taxus chinensis SYG-1 and was deposited with an International Depositary Authority(IDA), the Korean Collection for 
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Type Cultures<KCTC) on March 14, 1996, under an accession number of KCTC 0232BR 

Table 2: 


Morphology and growth condition of Taxus chinensis SYG-1 

Taxus chinensis SYG-1 

Characteristics 

Size 

50-1 SO^m 

Mobility 

(-> 

Agglutination 

Weak 

Aggregation 

<+> 

Adaptation to shear stress 

Strong 

Color of culture 

Weak brown 

Culture temperature 

24°C. 


25 


30 


35 


AO 


45 


50 


55 
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Example 2 : Suspension culture of SYG-1 

. [0034] To select the most preferred medium for the suspension culture of SYG-1 , the cell line was transferred to MS 

(Murashige and Skoog medium), SH (Schenk and Hildebrandt medium), WPM (Woody Plant Medium) and B5 (Gam- 
s borg's B5 medium) media, respectively, and the growth pattern was observed analogously in Example 1 , which resulted 

that SYG-1 cell was well grown on B5 medium containing 20pM NAA, 0.4pM BAP and 2g/L casein hydrolysate, like 
the callus, in addition, it was also determined that SYG-1 cell was well grown at a temperature of 24°C, at an agitation 
speed of 150rpm. 

[0035] A serial cultivation of the callus was made every 4 weeks in a case of solidified medium, while transferring a 
io part of tissue by the aid of forceps: A piece of the callus was maintained on the plate of solid medium. Then, the callus 
maintained on the solid medium was inoculated into a small volume of B5 medium, and small amounts of medium were 
supplemented to the culture, as the cells grew to increase total volume of culture. Then, well grown cell lines were 
diluted in the modified B5 medium contained in 500ml Erlenmeyer flask at a ratio of 1/5(v/v), and inoculated into sus- 
pension culture medium every two weeks. 
is 

Example 3: Effect of AgN0 3 on the taxol productivity 

[0036] It has been well known that AgN0 3 is an antagonist of the plant hormone, ethylene, which effects on the plant 
cell growth and secondary metabolite production. Accordingly, the present inventors tested the effect of AgN0 3 on the 
20 taxol production in a suspension culture of SYG-1 . 

[0037] To a 250ml of Erlenmeyer flask, was poured 75ml of B5 medium containing lOpM AgNO a and 25ml of 1 4 day 
old cell culture was inoculated into this medium, and incubated in an analogous manner described in Example 2. Then, 
the productivity of taxol was compared with a control which does not contain AgN0 3 (see: Fig. 1). As can be seen in 
Fig. 1 , it was clearly determined that the amount of taxol produced, 98.95mg/L when AgN0 3 was added to a medium 
25 (-#-), was 4.7 times the control (-O). 

Example 4 : Effect of NH 4 -citrate on the taxol productivity 

[0038] The productivity of taxol in a suspension culture of SYG-1 was monitored, after the addition of NH 4 -citrate. 
oo To a 250ml of Erlenmeyer flask was poured 75ml of B5 medium and 25ml of 14 day old cell culture was inoculated into 
this medium, and incubated at the same growth condition described in Example 2. Then, 5mM of NH 4 -citrate was 
added to the culture after 9 days of incubation, and the taxol productivity was compared with a control in which NH 4 - 
citrate was not added (see : Fig. 2). As can be seen in Fig 2, It was determined that the amount of taxol produced was 
about 103.6mg/L when NH 4 -citrate was added to a medium (-•-), which was 4.9 times the control(-O). 

35 

Example 5 : Effect of maltose on the taxol productivity 

[0039] It has been well known that the increase of sugar concentration in a plant cell culture leads to an increase in 
secondary metabolite production. For example, it has been reported that: addition of 3%(wAr) sucrose and 5%(w/v) 
40 mannitol has improved the productivity of antocyanin in callus culture of Daucus carota ( see : Knobloch, K. -H., et at., 
Zeiteshrift fur Naturforschung, 35c:55-556(1981)); and, 88mM sucrose and 165mM mannitol heightened the antocyanin 
productivity in a suspension culture of Vitis vinifera (see: Rajendran, L, et al., Biotechnology Letters, 14(8):707-712 
(1992)). On the other hand, the decrease in the growth and the secondary metabolite production were also reported 
when the amount of sugar over a certain concentration was added, possibly due to osmotic stress(see: Do, C. B., and 
45 Cormier, F., Plant Cell Reports, 9:500-504(1990)). 

[0040] The effect of maltose addition to SYG-1 was evaluated. 

[0041] To a 250ml of Erlenmeyer flask was poured 75ml of B5 medium and 25ml of 14 day old cell culture was 
inoculated into this medium, and incubated under the same growth condition described in Example 2. Then, 2%(w/v) 
and 3%(w/v) of maltose were added to the culture after 9 days and 21 days of incubation, respectively and the pro- 
50 ductivity of taxol was compared with a control which does not contain maltose(see: Fig. 3). As can be seen in Fig. 3, 
it was determined that the amount of taxol was 112.75mg/L when maltose was added to a medium)-#-), which was 
5.3 times the control (-O-). 

Example 6: Semi-continuous culture of SYG-1 

55 

[0042] Based on the results obtained in Examples 2 to 5, taxol was prepared by employing semi-continuous culture 
of SYG-1. 

[0043] To a 250ml of Erlenmeyer flask was added 80ml of growth medium and 20ml of 14 day old SYG-1 culture, 
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1 OpM AgN0 3 was added at the beginning of culture, followed by the addition of 5mM NH 4 -citrate and 2%(w/v) maltose 
after 9 days of incubation. After 21 days of incubation, 20ml of culture equivalent to 1/5 volume of total culture was 
transferred to other flask containing 80ml fresh medium to start another cycle of culture. Then, to 80ml of remnant 
culture equivalent to 4/5 volume of total culture, was added 3%(w/v) maltose, and incubated for additional 21 days in 
which taxol production is maximized. At this time, incubation was made at 24°C, and an agitation speed of 150rpm. 
Culture samples were taken, periodically to check for microbial contamination. The amount of taxol produced in the 
culture was also determined by employing hjgh performance liquid chromatography(HPLC, Waters, U.S.A.) described 
as above. As a result, microbial contamination was not observed and the productivity of taxol after 42 days incubation 
was determined to be 284mg/L(see: Fig. 4). As can be seen in Fig. 4, taxol concentration was increased as the cycles 
of culture were repeated. 

[0044] As clearly illustrated and demonstrated as aboves, the present invention provides a method for mass produc- 
tion of taxol by semi-continuous culture of Taxus genus plant with a high yield. According to the present invention, the 
productivity of taxol to the level of 300mg/L, after 40 to 50 days incubation, was observed, when Taxus chinensis SYG- 
1 was employed in the semi-continuous culture with the addition of AgN0 3 , NH 4 -citrate and maltose to improve the 
productivity of taxol. 


Claims 

1. A method for mass production of taxol by semi-continuous culture, said method comprising the steps of: 

(i) inoculating Taxus genus plant cells in a medium containing 1 to 10% (w/v) sugar and Incubating it, 

(ii) transferring a part of the culture obtained In step (i) to a fresh medium, such that the volume ratio of said 
culture to said fresh medium is in the range of 1/10 to 1/2, and repeating step (i), and 

(iii) adding sugar to the remnant culture at a concentration of 1 to 10% (w/v) and incubating it to the time of 
maximum production of taxol. 

2. The method of claim 1 , wherein the Taxus genus plant is selected from the group consisting of Taxus brevifolia , 
Taxus canadensis, Taxus cuspidata, Taxus baccata , Taxus globosa, Taxus florldana, Taxus wallichlana , Taxus 
media and Taxus chtnenate 

3. The method of claim 1 , wherein the Taxus genus plant cell te .JtoQJ SSMnenste SYG-1 (KCTC 0232BP). 

4. The method of claim 1 , which further comprises a step of addition of AgN0 3 to the medium at a concentration of 
1 to 1 5 pM at the beginning of cell culture. 

5. The method of claim 4, which further comprises a step of addition of NH 4 -citrate or maltose, or both, to the medium 
at a concentration of 1 to 15 mM and 1 to 10% (w/v), after 5 to 30 days of incubation, respectively. 

6. The method of claim 1 , wherein the time of maximum production of taxol is 40 to 50 days from the beginning of 
cell culture. 


Patentanaprtiche 

1 . Ein Verfahren zur Massenherstellung von Taxol mittels semi-kontinuierlicher Kulturen, wobei genanntes Verfahren 
die Schritte umfasst: 

(i) Animpfen von Pflanzenzellen der Gattung Taxus in ein Medium, welches 1 bis 10 Gew.-% Zucker enthatt 
und Inkubation davon, und 

(H) Oberimpfen eines Teiles der Kultur, welche in Schritt (i) erhalten wurde, in ein frisches Medium, so dass 
das Volumenverhaitnis der genannten Kultur zum genannten frischen Medium in dem Bereich von 1:10 bis 1 : 
2 liegt, und Wiederholung von Schritt (1), und 

(iii) Zufugen von Zucker zum Rest der Kultur auf eine Konzentration von 1 bis 10 Gew.-% und Inkubation bis 
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zum Zeitpunkt der maximalen Produktion von Taxol. 

2. Das Verfahren nach Anspruch 1 , worin die Pflanze der Gattung Taxus ausgewShlt 1st aus der Gruppe umfassend 
Taxus brevifolia , Taxus canadensis, Taxus cusptdata , Taxus baccata , Taxus globosa , Taxus floridana , Taxus wal- 
lichiana , Taxus media und Taxus chinensis. 

3. Das Verfahren nach Anspruch 1 , worin die Pflanzenzeiie der Gattung Taxus Taxus chinensis SYG-1 (KCTC 
0232BP) ist. 

4. Das Verfahren nach Anspruch 1, welches weiterhin einen Schritt der Zugabe von AgN0 3 zu dem Medium, auf 
eine Konzentration von 1 bis 1 5 pM zu Beginn der Zellkultur umfasst. 

5. Das Verfahren nach Anspruch 4, welches weiterhin einen Schritt der Zugabe von NH 4 -Citrat Oder Maltose Oder 
beidem zu dem Medium, auf eine Konzentration von 1 bis 15 mM und 1 bis 10 Gew.-% respektive nach 5 bis 30 
Tagen Inkubation umfasst. 

6. Das Verfahren nach Anspruch 1 , wobei der Zeitpunkt der maximalen Produktion von Taxol 40 bis 50 Tage nach 
Beginn der Zellkultur betrdgt. 


Revendlcations 

1 . Proc6d6 de fabrication en masse de taxol par culture semi-continue, ledit proc6d6 comprenant les 6tapes consis- 
tant a : 

(i) inoculer des cellules de plante du genre Taxus dans un milieu contenant 1 k 10 % (p/v) de sucre et a le 
mettre en incubation, 

(ii) transferer une partie de la culture obtenue k l'6tape (i) dans un milieu frais, de sorte que le rapport de 
volumes de ladite culture par rapport au milieu frais soit dans I'intervalle de 1/10 k 1/2 et k rep6ter retape (I), et 

(iii) ajouter du sucre k la culture restante k une concentration de 1 k 10% (p/v) et k la mettre en incubation 
jusqu'e la dur6e de production maximale de taxol. 

2. Precede selon la revendication 1 , caract6r1s6 en ce que la plante du genre Taxus est choisie dans le groupe 
constitue de Taxus brevifolia , Taxus canadensis. Taxus cuspidata, Taxus baccata, Taxus globosa, Taxus floridana, 
Taxus wallichlana, Taxus media et de Taxus chinensis. 

3. Precede selon la revendication 1 , caracterise en ce que la cellule de plante du genre Taxus est Taxus chinensis 
SYG-1 (KCTC 0232BP). 

4. Precede selon la revendication 1 . caracterise en outre par une etape consistant k ajouter de l‘AgN0 3 au milieu 
ci une concentration de 1 k 1 5 pM au d6but de la culture des cellules. 

5. Precede selon la revendication 4, caracteris£ en outre par une 6tape consistant k ajouter du citrate de NH 4 ou 
du maltose, ou les deux, au milieu k une concentration de 1 k 15 mM et 1 k 10% (p/v), aprfcs 5 k 30 jours d'incu- 
bation, respectivement. 

6. Proc6d6 selon la revendication 1 , caracteris* en ce que la dur6e de production maximale de taxol est de 40 k 
50 jours depuis le debut de la culture des cellules. 
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